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INTRODUCTION 
Fire was originally an integral part of the natural 
prairie environment. Fires started by Indians and lightning 
are believed to have been instrumental in maintaining the 
prairie climax and in extending it into forested regions 
(Cooper, 1961). Very early man may have used fire to drive 
game animals to their destruction and to create new, succulent 
growth afterwards to attract grazers. He has used fire to 
clear ground for agriculture and to maintain good pastures. 
However, modern man has generally regarded fire as a vehicle 
of destruction and has largely eliminated the intentional 
burning of natural vegetation. Since changing anyone factor 
in an ecosystem tends to affect the entire community, the pro-
tection from fire may have upset the natural balance of the 
native grassland. 
In the Hayden Prairie Preserve in northern Iowa the ac-
cumulated litter equals or exceeds annual yield of vegetation 
four to six years following fire (Ehrenreich and Aikman, 
1963). According to them this accumulation of dead and decay-
ing vegetation inhibits the growth of native prairie species 
causing a general stagnation of the community in the absence 
of native grazing animals and fire. Woody plants tend to in-
crease. Therefore, total protection of prairie preserves from 
fire may not be tantamount to good management. 
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It is necessary to understand and be able to predict the 
effect of fire on individual species to manage effectively the 
whole community. In other studies the effects of fire on in-
dividual species as well as on the microclimate, soil and 
vegetation in general have been highly controversial due 
largely to the very diverse climates, vegetation, timing and 
local conditions under which investigations have been made. 
This investigation was undertaken to provide data re-
lating to the effects of fire in preservation and maintenance 
of individual species and the whole tall grass prairie com-
munity in Iowa. The primary concern was to determine the 
effects of fire on cover values, yield and flowering response 
of selected species and to devise a suitable method for 
quantifying these effects. A secondary consideration was to 
compare mowing with burning effects on cover, yield and flower 
production. 
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LITERATURE REVIEW 
Approaches to the study of fire on grasslands have been 
varied, and lack of uniformity in purpose and procedure may 
account, partially at least, for the wide disparity in results 
obtained by others. Recent reviews, particularly Daubenmire 
(1968), show this clearly. 
One approach has been to describe the fire as a process, 
focusing on the microclimate and biotic factors. Temperature, 
humidity and wind characteristics are major determinants for 
the direction and rate of spread of the fire (McArthur, 1966). 
Weather conditions, topography and fuel characteristics deter-
mine the amount of heat and the rate of combustion. Earlier 
McArthur (1963) found that the greater the moisture content of 
grassland fuel, the greater the wind velocity necessary to 
maintain the fire at a given rate. He also stated that the 
rate of spread of the fire, flame height and intenSity are 
doubled each time the amount of fuel per unit area is doubled. 
According to studies of Norton and McGarity (1965) this is not 
correlated with the amount of heating that occurs in the soil; 
however in studies by Stinson and Wright (1969) maximum tem-
peratures increased linearly as fuel increased. The height of 
maximum temperature, amount of heat released and the speed 
that the fire advances depend partially upon whether it is a 
headfire or a backfire (Byram, 1958). Maximum temperature 
conditions are reached in very small areas, plots 3 x 3 meters 
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in size being sufficient for study purposes according to 
Heyward (1938). 
Emphasis may be placed on the environmental effects sub-
sequent to burning. Kucera and Ehrenreich (1962) have found 
soil surface temperatures higher in burned than in control 
plots in spring in Andropogon grasslands. The unusual warmth 
normalizes as plant cover develops during the first season 
after burning. Aldous (1934) and Ehrenreich and Aikman (1963) 
have reported the soil to be warmer to a depth of 18 cm. In 
Iowa minimum soil surface temperatures are reported to be 
unaffected (Kucera and Ehrenreich, 1962). The minimum and 
maximum air temperatures, however, are reported to be lowered 
and raised respectively (Ehrenreich and Aikman, 1963). Whether 
or not the moisture content of the soil is affected seems to 
depend on the climate, species involved and time of burning 
(Anderson, 1964). 
In the eastern United states two to six years are re-
quired for the renewal of a normal litter cover, variations of 
which do not seem to be clearly related to climate (Daubenmire, 
1968). 
Evidence as to the effects of burning on the vegetation 
has been abundant and conflicting. Most studies, regardless 
of geographical location, show either a dramatic increase in 
yield, seed stalk production or basal area, or a dramatic 
decrease in the same. 
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Late August burning in north-central Iowa has resulted in 
an increase of seed stalk production by seven times in 
Andropogon gerardl, three times in Sorghastrum nutans and 
eight times in Sporobolus heterolepls and Andropogon scoparius 
(Ehrenreich and Aikman, 1957). Spring burning in northeastern 
Iowa has resulted in a 1.7 increase in total annual production 
(Aikman, 1955). By burning a dry, thin soil prairle in 
Wisconsin the second week in April, Dix and Butler (1954) 
initiated increases in seed stalk yields of 25 times in 
Sporobolus heterolepis, 6 times in Andropogon gerardi and 3 
times in Andropogon scoparius. Seedstalk yield in Sorghastrum 
nutans was cut to ·one-fourth. Resulting cover estimates 
showed no change in Andropogon gerardi, a 30 fold increase in 
Sporobolus heterolepis and reduction to one-tenth in Andropogon 
scoparius and to one-seventh in Sorghastrum nutans. 
May burns in Illinois have shown a significant increase 
in living shoot biomass and flowering stalk production in 
Andropogon gerardi and Sorghastrum nutans (Hadley and 
Kieckhefer, 1963). Curtis and Partsch (1~50) measured a six 
fold increase in flower production and 60% increase in plant 
height in Andropogon gerardi as a result of a mid-March fire 
at the University of Wisconsin Arboretum. The basal area of 
the clumps was not affected. Controlled burning in March and 
April in sandy sites of northwestern Wisconsin increased 
grasses and forbs three times and resulted in a 1000 lb/acre 
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increase in above ground dry weight production (Vogl, 1965). 
Hensel (1923) found that early spring burning tended to 
increase stands of Andropogon scoparius in Kansas, while late 
spring burning tended to increase yields of Andropogon gerardi 
and Sorghastrum nutans. Also in further work in Kansas, 
Aldous (1935), Curtis and Partsch (1948) and Hensel (1923) 
found that burning drastically reduced yields of bluegrass 
(Poa pratensis) while not injuring prairie grasses. 
In southern Wisconsin Robocker and Miller (1955) observed 
that late spring burning had deleterious effects on Elymus 
canadensis and Elymus virginicus and on ~ropogon gerardi, 
Andropogon scoparius and Bouteloua curtipendula in severely 
eroded areas. Andropogongerardi increased in burned areaS 
where competition from Poa pratensis was severe; Panicum 
virga tum increased generally under burning as did Andropogon 
scoparius in uneroded areas. Kucera and Ehrenreich (1962) 
reported that burned plots in central Missouri yielded in-
creases of 270% in Andropogon gerardi, 1200% in Andropogon 
scoparius and 400% in sorghastrum nutans. Flower stalk pro-
duction also increased. 
Such results contrast with those reported in slightly 
drier grasslands by Larson and Whitman (1942) in South Dakota 
and Dix (1960) in North Dakota. Kelting (1957) reported that 
a February fire in Oklahoma increased the cover and yield of 
Andropogon scoparius, sorghastrum nutans and Panicum virgatum, 
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but decreased that of Andropogon gerardi. 
In central Nebraska Hopkins (1951) found that removal of 
litter in the spring resulted in a threefold increase of basal 
area by autumn, but there was no significant change in yield. 
In a central Louisiana Andropogon range there was ~o difference 
in yield between plots that were burned by a headfire in March 
and those that were mowed and raked to the ground level at the 
same time (Grelen and Epps, 1967). Addition of nitrogen has 
been observed to produce the same effect as burning in the 
stimulation of flowering response (Burton, 1944). 
Time of burning appears to be a major consideration. 
Significantly greater yields on spring burns than winter burns 
have been reported on bluestem rangeland in Louisiana (Grelen 
and Epps, 1967). Owensby and Anderson (1967) working in the 
Kansas Flint Hills found that late spring burns gave the same 
yield as unburned areas. Early and mid-spring burning reduced 
yields in upland areas, but not in the limestone breaks. In 
this same area burning has had obvious effects on the plant 
composition. Winter and spring burning first caused an in-
crease in Andropogon scoparius which was later dominated by 
Andropogon gerardi. Late spring burning has reduced the 
forbs, whereas burning earlier than May 1 has damaged the 
Sorghastrum nutans. All burning has been detrimental to Poa 
Eratensis (McMurphy and Anderson, 1965). 
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The effects of fire on species of grasses have been dis-
cussed extensively in many studies in contrast to the general 
lack of information on species of other plant families. 
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METHODS 
Location and Description of Study Site 
The site chosen for this study was Kalsow Prairie, a 
state preserve five miles northwest of Manson, Iowa. The 
Pocahontas county map locates the prairie in T90, R32, Sect. 
36, N.E. 1/4. 
Preparation for burning was made early in April, 1968, by 
mowing a 50 foot lane about 150 yards in from the western edge 
of the prairie. Five mowed lanes running perpendicular to the 
original lane sectioned the isolated strip of prairie into 
smaller units in which the fire could be easily controlled. 
The burned area comprised approximately 40 acres, the 
northern one-third consisting of an old pasture which had been 
left to revert back to prairie since 1948. The dominant 
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species in this area are Poa pratensis and Solidago canadensis 
which probably have persisted since the time of grazing, and 
Andropogon gerardi, a rapidly invading prairie species (see 
Figure 1). An old drainage ditch cuts diagonally through this 
area as can be seen in the aerial photo in Figure 2. 
The remainder of the strip is ungrazed, original prairie. 
(See Figures 3, 4 and S.) To the south there is a gradual 
slope, rising approximately 20 feet, on which the dominant 
grass changes ~radually up the slope from Andropogon gerardi 
Ispecies ~ames mainly after Gleason (1952), documented by 
Brotherson (1969). 
Figure 1. 
Figure 2. 
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Dominant species in the grazed area, showing 
Andropogon gerardi stems projecting above Solidago 
canadensis with both species completely hiding Poa 
pratensis in the understory ---
Aerial photograph of the western two-thirds of 
Kalsow Prairie taken August, 1967, showing the prom-
inent drainage ditch cutting through the grazed area 
Figure 3. 
Figure 4. 
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Vegetation of the high prairie in July, 1968, with 
Eljmus canadensis inflorescences bent horizontally 
among the numerous forb species and other grasses 
Mixed prairie vegetation in August, 1968, with 
Andropo5on gerardi and Elymus canadensis projecting 
upward in the background and Solidago rigida prom-
inent in the foreground 
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to Sporobolus heterolepis. The vegetation consists of varia-
tions of tall-grass prairie composed of more than 230 species 
(Brotherson, 1969). Near the south end there is a pothole 
containing species of Scirpus and Polygonum, surrounded by 
zones of Calamagrostis canadensis and Phalaris arundinacea 
(Figure 6). The burn area can be located along the western 
edge of the photograph of the entire prairie preserve (Figure 
7) • 
Burning 
This strip of prairie was burned during the afternoon of 
April 18, 1968. Two-tenths of an inch of rain had fallen the 
night before and the morning was misty, but the sky cleared 
by noon, and a steady northeasterly breeze hastened the drying 
of the vegetation. The burning was done in sections starting 
at the northeast corner of the south section at 1:10 pm and 
ending at the northwest corner about 2:30. This allowed the 
use of a head fire running towards plowed fields or previously 
burned sections rather than towards an area of flammable vege-
tation. There was no difficulty containing the fire, but as 
an added precaution a water tank truck was used to douse any 
areas along the mowed fire lanes that continued to smolder 
after the fire had passed. 
Figure 5. 
Figure 6. 
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Mixed prairie vegetation in August, 1968, showing 
the unburned, control area to the left and the 
mowed area to the right 
Aerial phot,ograph of the pothole in the southern 
end of the burned area, October, 1968 
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Fire Data 
Prior to the fire an estimate of standing fuel and litter 
was obtained by clipping thirty-five 1000 cm2 plots at about 
2 cm stubble height. Because of large amounts of soil blown 
in from neighboring fields, the values of standing material 
and litter were determined on the basis of ash-free dry weight. 
Six plots were clipped after the fire to determine residual 
material. 
Eighteen stakes for collecting temperature data were 
placed in groups of three (see Figure 8), one group in each 
section to be burned. These sections were numbered 1-6 from 
north to south. Stakes 1-6 in the grazed area were in old 
vegetation approximately 10 cm high and containing a large 
proportion of growing bluegrass. The vegetation around stakes 
7-9 waS also low t but not green. The stakes in sections 4 and 
6 were in taller, typical mixed prairie vegetation. The 
stakes in section 5 were in the middle zone of the pothole 
surrounded by various species of Polygonum and Scirpus. 
The temperature indicators used were thermopapers (Paper 
Thermometer Company, Natick, Mass.) which changed from white to 
black at a specific temperature. Color change is irreversible 
and occurs within a fraction of a second at the indicated 
temperature with an accuracy of +1% of the indicated value. 
Indicators, ranging from 1000F to the maximum available 5600 F, 
were taped on the stakes at ground level, 10 cm, 40 cm, 70 cm 
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Figure 7. 
Figure 8. 
Aerial photograph of Ka1sow Prairie looking 
north, August, 1967, burn line indicated 
Clumped stakes with temperature indicators 
during fire in the grazed area, April 18, 1968 
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and 110 cm. The following indicators were used at the various 
levels. All temperatures are in degrees Farenheit. 
ground level - 100, 110, 120, 130, 200, 300, 400. 
10 cm - 350, 450, 560. 
40 cm - 250, 350, 500. 
70 cm - 250, 350, 500. 
110 cm - 150, 220, 300. 
Collection Methods 
To measure the effects of burning (and mowing) on prairie 
vegetation, data were collected from areas shown in Figure 9. 
The thirty plots in the burn and the thirty plots in the con-
trol areas were 50 yards wide and 60 yards long. The size of 
the mowed plots was determined by the mowed lane, making them 
50 feet wide and 60 yards long. 
Cover estimates for each species were recorded during the 
third weeks of June, July and August. Three subsamples were 
taken in each plot in the burn and control areas, and two sub-
samples in each mowed plot. Their pOSitions were randomly 
determined by tosses of a 20 x 50 cm wire quadrat. A con-
scious attempt was made to distribute these in the plot so 
that the samples would not all be from one area. 
The cover values used were those described by Daubenmire 
(1959). The technique consists of estimating the value for 
each species, any part of which is present within the quadrat. 
18 
M 
CONTROL 0 BURN 
W 
30 29 15 29 30 
28 27 14 27 28 
26 25 13 25 26 
24 23 12 23 24 
I':il 
22 21 11 21 22 H p::: 
H 
20 19 10 19 20 ~ P-t 
18 17 9 17 18 
16 15 8 15 16 
14 13 7 13 14 
12 11 6 11 12 
10 9 5 9 10 
8 7 4 7 8 Q 
I':il 
6 5 3 5 6 ~ d 
4 3 2 3 4 
.. 
0 
2 1 1 1 2 ro r-I 
150' 150' 50' 150' 150' 
Figure 9. Size and numbering of plots used in sampling 
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Estimated values based on cover classes were summarized by the 
computer. The coverage classes and range of coverage in per-
centages are as follows: 
Coverage class 
1 
2 
3 
4 
5 
6 
Percent range of cover 
0-5 
5-25 
25-50 
50-75 
75-95 
95-100 
Yield data were collected during the third weeks of June 
and August. In June all plots were sampled, but in August 
only the two rows of plots immediately adjacent to the mowed 
area were sampled. After the cover estimates were recorded, 
the vegetation within each quadrat was clipped to within one 
inch of the soil and sealed by quadrat within marked, plastic 
bags. This material for each species was then oven dried at 
a 100 F to constant weight and the weight of each recorded to the 
nearest decigram. 
Flowering stalk data were recorded when the clipped plots 
were sorted and dried. Flowering stalk data for less abundant 
or clumped species were gathered by counting stalks in random 
qUadrats in portions of the prairie selected for the species 
in question. 
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Statistical Analysis 
In order to determine any differences between the plots 
sampled for cover and yield, the data were subjected to analy-
sis of variance. The F t~st was used as a basis for deciding 
significance, 5% being the accepted limit. This is designated 
by (*). Any values under 1% are designated by (**). 
The cover data were analyzed for phenological differences 
among the three sampling times. An analysis for differences 
between the burned plots and control plots was run for each 
species. In addition an analysis waS made to determine any 
differences existing when each species was considered accord-
ing to both the time of sampling and position, i.e., whether 
it waS in the burn or control plots. For example, the cover 
analyses for Amorpha canescens conSidered the mean plot cover 
organized and analyzed in the following three combinations: 
1. Burn Control 
0.74 0.78 
2. June July August 
0.74 0.78 0.76 
June June July July August August 
Burn Control B~n Control Burn Control 
3. 
0.71 0.76 0.77 0.78 0.73 0.79 
Analysis of the yield data incorporated the yields 
recorded in June and August for the burn and control plots 
immediately adjacent to the mowed lane. As with the cover 
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data, analyses were run on each species comparing the yields 
in June and August, comparing the yields in the burn and con-
trol plots and comparing the burn plots in June and in August 
with the control plots in June and in August. Separate analy-
ses were then run utilizing the data for June and August sepa-
rately to determine any significant differences between the 
burn and control plots. Analysis of the June data utilized 
the information on all sixty plots in the burn and control 
areas. The August analysis utilized only information for the 
thirty plots sampled immediately adjacent to the mowed lane. 
Two types of analysis were made in order to compare the 
burn, control and mow data. These were done only on the 
August data. An analysis was made for each species to deter-
mine if any difference was present for all three treatments. 
This indicates only whether or not a difference eXists, but it 
does not show where the difference is. Then separate analyses 
were made comparing the burn plots with the mow plots, and 
comparing the control plots with the mow plots. This was use-
ful for comparing the effects of mowing and burning on the 
various species. 
In order to determine the degree of overlap between the 
techniques of cover estimation of species and measurements of 
their dry weight by separation of clipped material, a correla-
tion matrix was run. The information consisted of all samples 
in June and August for which both cover estimation and yield 
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data were available. The result of this analysis was a corre-
lation coefficient for each species to measure the degree of 
linear association between the two techniques. 
To measure the significance of flowering response, Chi-
square tests were run on the total number of flowering stalks 
for each species. 
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OBSERVATIONS AND DISCUSSION 
Seasonal Variation in Yield 
When working with yield and cover data, it is necessary 
to consider the phenology of various species. Species of 
the same genus may have very different dates of emergence, 
flowering and maturing. For example, Poa pratensis begins 
flowering in Iowa in early May, and usually completes flower-
ing sometime in June. ~ compressa, which is often found 
occupying the same sites intermixed with Poa pratensis, blooms 
two or three weeks later (Pohl, 1966). 
Table 1 lists the mean yields in the burn and control 
plots for June and August for the 30 species and species groups 
considered in this study. Eleven of these showed a significant 
difference in yield between June and August (Table 2). This 
normal variation demands that if all groups are to be adequate-
ly sampled, sampling must occur throughout the growing season 
rather than at some arbitrary time when growth is considered 
to be complete. 
Early spring species such as Oxalis violacea may emerge, 
bloom and die back before other species begin vegetative 
growth. Others, such as Gentiana andrewsii, which bloom in 
September and October after the' "growing season" has passed, 
may be completely overlooked during conventional sampling 
times. Others, especially in the grass family, are difficult 
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Table 1. Mean yields in June and August in the burned and 
oontrol plots, yield measured in deoigrams of oven 
dry weight/lOOO om2 
Species 
Amorpha canesoens 
Andropogon gerardi 
Aster eriooides 
Aster laevis 
Aster simplex 
Carex sp. 
Equisetum sp. 
Eryngium yuccifolium 
Fragaria virginiana 
Ga1ium. obtusum 
Helianthus grosseserratus 
Helianthus laetiflorus 
Liatris aspera 
Aohillea lanulosa 
Oxalis sp. 
Panicum sp. (rosette) 
Panioum virgatum 
Petalostemum purpureum 
Phlox p1;losa 
Poa pratensis 
Ratibida oolumnifera 
Rosa sp. 
Scutellaria leonardii 
Silphium laciniatum 
Solidago oanadensis 
Solidago rigida 
Sporobolus heterolepis 
Viola pedatifida 
Zizia aurea 
Elymus 'canadensis 
Burn Yield 
June August 
0.00 
16.00 
0.00 
0.02 
3.11 
3.29 
0.80 
0.38 
0.89 
1.98 
2.38 
0.51 
1.62 
0.00 
0.06 
4.29 
0.96 
0.00 
1.40 
14.82 
20.89 
1.24 
0.13 
1.49 
65.69 
6.36 
41.09 
0.76 
3.76 
0.00 
0.07 
87.82 
18.07 
0.00 
3.22 
0.13 
2.11 
0.00 
0.60 
2.31 
26.69 
8.80 
8.91 
0.04 
1.76 
14.02 
19.78 
0.00 
3.53 
25.24 
5.69 
1.89 
0.02 
5.33 
123.73 
0.31 
80.56 
0.29 
6.76 
3.75 
Control Yield 
June August 
0.67 
16.73 
0.89 
1.84 
0.47 
3.33 
0.56 
0.67 
0.71 
1.71 
1.44 
5.78 
0.42 
0.31 
0.04 
1.42 
0.80 
0.29 
0.00 
21.91 
0.00 
0.69 
0.04 
2.58 
39.98 
0.44 
23.96 
0.02 
1.62 
0.00 
1.16 
60.24 
7.58 
0.00 
2.69 
0.71 
0.36 
0.89 
0.96 
0.73 
26.07 
5.13 
1.42 
0.18 
0.44 
8.53 
5.76 
0.00 
0.16 
33.91 
0.56 
1.29 
0.33 
9.38 
83.82 
4.56 
117.51 
2.02 
1.20 
6.44 
to identify vegetatively. This is especially true in the 
seedling stage. 
Phenologioal knowledge of a speoies is essential if one 
wishes to determine the effeots of a partioular treatment. 
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Table 2. Species showing a significant difference in yield 
between June and August 
weight/1000 cm2 
measured in decigrams of dry 
Mean YieldLPlot Sum of 
Species June August Square sa F Test 
Aster 
ericoides 0.44 12.82 6894.41 14.92** 
Aster 
1aevis 0.93 0.00 39.20 4.93* 
Carex sp. 3.31 0.42 375.55 14.21** 
He1ianthus 
grosseserratus 1.91 26.38 26937.68 27.47** 
Panicum 
sp. (rosette) 2.86 11.28 3192.02 10.80** 
Panicum 
virgatum 0.88 12.77 6360.53 12.21** 
Poa 
pratensis 18.37 29.58 5655.98 9.21** 
Solidago 
52.83 103.78 116789.94 25.20** canadensis 
Sporobo1us 
199067.69 28.73** hetero1epis 32.52 99.03 
E1ymus 
canadensis 0.00 5.10 1170.45 15.74** 
Andropogon 
15.87 74.03 152250.81 42.92** gerardi 
aWith one degree of freedom, sum of squares equals the 
mean square. 
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For example, the yield of ~ pratensis in June was signifi-
cantly lower in the burn than in the control area, but by 
August there was no significant difference in total yield. 
Because at the time of burning Poa pratensis had already 
emerged, there evidently was not time before the June sampling 
for the plants in the burn to recover. By August the more 
favorable conditions in the burned area allowed these plants 
to overcome their handicap. 
Aster ericoides is a northern species which emerges late 
in the season and does not bloom until September on Kalsow 
Prairie. Aster laevis, another northern species, takes ad-
vantage of the relatively light competition in the early 
summer by growing early and essentially disappearing by the 
time Aster ericoides becomes dominant. The several species of 
Carex emerge and flower early while the water supply is abun-
dant and before shading by the taller and leafier vascular 
plants becomes a problem. They become less and less con-
spicuous as the summer progresses, until by September very few 
were found. 
Helianthus grosseserratus also begins growth early, coming 
to its peak cover in June. It becomes relatively less con-
spicuous in mid season, but continues to grow steadily, reach-
ing its peak yield at least two months after its peak cover. 
The rosette panic grasses [primarily Panicum leibergii 
(Vasey) Scribn., Panicum implicatum Scribn., and Panicum 
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scribnerianum Nash (Brotherson, 1969)J are perennials which 
begin spring growth from winter rosettes. Vegetative growth 
1s slight before primary panicles are produced in late May 
through early July. After this relatively early period of 
flowering the plants resume vegetative growth, becoming bushy 
and relatively more conspicuous. Due to this interrupted 
growth cycle, yield is much higher in August than in June when 
they are flowering. 
In contrast, Panicum v1rgatum, one of the dominant grasses 
of the prairie, is a rhizomatous perennial which begins growth 
relatively late in spring and does not begin flowering until 
late July or August. It is fairly inconspicuous and difficult 
to identify during the early seaSon but an obvious dominant by 
August. 
~ pratensis and Solidago canadensis are the two main 
dominants in the grazed area, but both are also abundant 
throughout the prairie. Both begin growth early in spring and 
continue through the summer. Here the comparison ends, how-
ever. Poa flowers in May and June, and this is when its cover 
is highest. Although it continues to grow vegetatively, it 
becomes less conspicuous as the season progresses and becomes 
dormant relatively early. Solidago canadensis retains rela-
tively high cover values through the summer, becoming very 
conspicuous when it blooms in August. Although it drops many 
of the bottom leaves as they become shaded, yield in August 
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was double the yield in June, probably partially due to the 
increased weight of the stems. 
Elymus canadensis is a perennial which, like Panicum 
virgatum, remains fairly inconspicuous until August when it 
flowers. It begins vegetative growth fairly early, but is a 
scattered rather than a clumped species, so is difficult to 
identify. Therefore June yield as indicated by this study is 
certainly low. 
Sporobolus heterolepis and Andropogon gerardi are obvious 
dominants throughout the year, Sporobolus heterolepis being 
more abundant on the high prairie, and Andropogon gerardi in 
the moist, lower areas. Both remain dormant during early 
spring, accomplishing most of their growth during the hot days 
of July and August. Both flower during August and September. 
Yield Response to Burning 
In the June sampling six species and species groups were 
significantly different in yield between the burn and control 
plots (see Table 3). Amorpha canescens, a small shrubby plant 
that becomes woody after the first year's growth, appeared in 
the June sampling to be damaged by the fire. However, by 
August no difference was shown between burn and control plots, 
and there was some evidence that flowering was stimUlated by 
the fire. Therefore, whatever damage waS inflicted seemed to 
be overcome during this one growing season in a natural woody 
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Table 3. Species showing a significant difference in June 
yield due to burning yield measured in decigrams of 
dry weight per 1000 cm2 
Species 
Amorpha 
canescens 
Helianthus 
grosseserratus 
Panicum SPa 
(rosette) 
Poa pratensis 
Solidago 
canadensis 
Sporobolus 
heterolepis 
Mean Yield/Plot 
Burn Control 
0.01 0.82 
3.19 6.84-
3.71 1.07 
1.5.06 22.31 
6.5.49 4-1.97 
37.26 17.4-3 
Sum of a 
Squares 
29.61 
601.34-
314-.69 
2368.92 
24-898.23 
17681.4-1 
F Test 
5.39* 
3.96* 
5.91* 
8.4-7* 
16.00** 
10.37** 
aWith one degree of freedom, sum of squares equals the 
mean square. 
component of the prairie vegetation. 
The June yield of Helianthus grosseserratus in the burn 
plots was less than half the yield in the control plots. 
Because this species begins growth early; realizing its peak 
cover period in June, it is most likely the fire occurred 
after the plants had begun to emerge and after they had drawn 
upon their food reserves. Although there was no significant 
difference in yield by August, the flowering was not as abun-
dant in the burn plots. It is possible that the extra reserves 
that had to be drawn for renewed vegetative growth were at the 
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expense of seed production. Aldous (1934) suggests that loss 
of food reserves from underground organs is a major source of 
damage by fire. 
Burn yield in the rosette panic grasses was high. Removal 
of litter and the subsequent early warming of the soil was 
beneficial to these species emerging immediately after the 
fire. Daubenmire (1968) suggests that this heating of the 
soil may account for the prompt stimulation following grass-
land fires. An additional two or three weeks of growth is 
significant for a species that must cease vegetative growth to 
flower by the first of June. In the rosette panic grasses 
this difference was largely erased, however, during the 
secondary period of growth that occurred after flowering. 
Poa pratensis was definitely adversely affected by the 
fire. Several inches of new growth had appeared before the 
burn. This was destroyed, and undoubtably the extra food 
reserves drawn for the second emergence had to be replaced. 
This species also flowers in May and June. In contrast to the 
rosette panic grasses which were favored by the fire, Poa 
pratensis in the burn plots was set several weeks behind Poa 
pratensis in the control plots. McMurphy and Anderson (1965) 
have reported that all burns on the Kansas Flint Hills Range 
have been detrimental to the bluegrass. 
SOlidago canadensis waS stimulated by the fire. This was 
evident in June and remained significant throughout the 
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sampling period. 
Although the clumps of Sporobolus heterolepis smoldered 
and burned longer than any other vegetation in the fire (see 
Figure 10), this species showed a positive yield response in 
June. This may have been due to the removal of very heavy de-
posits of dead and senescent tillers which tend to insulate 
the ground keeping it from warming well into spring, and which 
shade the new growth once it does emerge. This difference in 
weight disappeared by August when the plants in the burn plots 
showed an extreme flowering response (see Figure 11). In the 
control plots flowering was almost nonexistent (see Figure 12).' 
The only species which showed a significant yield re-
sponse in both June and August was SOlidago canadensis (see 
Table 4). Yield for this species remained high in the burn 
plots during the entire sampling period. 
In June the yield of the various species of Equisetum was 
somewhat higher in the burn, but the difference was not signif-
icant. By August the mean weights in the control plots had 
dropped and the cover had declined slightly. In the burned 
plots, however, the cover had increased and the mean weight had 
more than doubled. Somehow the fire provided a stimulus that 
allowed the Eguisetum 'in the burn to continue growth through 
the summer, whereas that in the control area declined after 
June. The removal of past years' growth may have been the 
vital factor for plants such as Eauisetum which have limited 
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Figure 10. Clumps of Sporobolus heterolepis burning and 
smoldering after the main front of the fire 
has passed over, April 18, 1968 
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Figure 11. 
Figure 12. 
Vigorous flowering response of S~OrObolUs 
heterolepis in the burned area,eptember, 
1968 
Control area with little flowering in clumps 
of Sporobolus heterolepis, September, 1968 
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Table 4. Species showing significant differences in August 
yield due to burning, with yield measured in deci-
grams of dry weight per 1000 cm2 
Mean YieldLPlot Sum of a 
Species Burn Control Squares F Test 
Equisetum sp. 2.11 0.36 69.34 4.86* 
Panicum 
virga tum 19.78 5.76 4424.00 4.32* 
Phlox pilosa 3.53 0.16 256.71 7.47** 
Scutel1aria 
leonardii 0.02 0.33 2.18 4.90* 
Solidago 
canadensis 123.73 83.82 35840.18 4.77* 
Zizia aurea 6.76 1.20 694.44 4.39* 
aWith one degree of freedom, sum of squares equals the 
mean square. 
ability to compete for light and space. 
Phlox pilosa showed a very obvious response. Like the 
Equisetum there was little Phlox pilosa observed in the con-
trol plots by August. In the burn plots, however, this plant 
which blooms early in the spring had continued to maintain 
vigorous vegetative growth. 
The fire seemed to have the opposite effect on the tiny 
Scutellaria leonardii. There was no significant difference in 
June, but by August the plants in the burned plots had largely 
disappeared, whereas those in the control plots increased 
significantly. This species flowers in July. It may be that 
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it flowered early in the burn plots and died back before the 
August sampling, whereas flowering was later in the control 
plots and fruiting had not been completed by the August sam-
pling. Cover data show no difference, thus the evidence is 
inconclusive. 
Zizia aurea, another colorful early spring flower, was 
also aided by the fire. This species flowered on Kalsow 
Prairie during May and June, so there was little time for 
vegetative growth preceding flowering. The June yield data 
showed little difference between the burn and control plots. 
By August, however, the burned plots showed a significantly 
greater yield than the control plots. 
When the yield data for June and August were combined 
(shown in Table 5), the species showing significant differences 
were usually those showing these differences either in June or 
August. A couple of new ones appeared, however. Aster laevis 
seemed to favor the conditions in the control plots, but since 
it appeared in only three plots no valid conclusions Can be 
drawn. Liatris aspera appeared to be favored by the conditions 
in the burned plots. The slight difference in response seen 
in June increased during the summer until by August it was 
fairly pronounced and approached a statistical significance 
of 95%. WhereaS this difference showed only weakly in the 
separate months, the combined data showed it to be real. 
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Table 5. Species showing a significant overall change in 
yield due to burning, yield measured in decigrams 
of dry weight per 1000 cm2 
Species 
Amorpha 
canescens 
Asterlaevis 
Equisetum SPa 
Liatris 
aspera 
Panicum 
virga tum 
Phlox pilosa 
Poa pratensis 
Solidago 
canadensis 
Zizia aurea 
Mean Yield/Plot 
Burn Control 
0.03 0.91 
0.01 0.92 
1.46 0.46 
5.27 0.92 
10.37 3.28 
2.47 0.08 
20.03 27.91 
94.71 61.90 
5.26 1.41 
Sum of 
Square sa 
34.67 
37.36 
44.99 
849.34 
2261.35 
256.80 
2792.65 
48445.57 
665.09 
F Test 
5.08* 
4.70* 
5.21* 
4.14* 
4.34* 
9.67** 
4.55* 
10.45** 
5.23* 
a With one degree of freedom, sum of squares equals the 
mean square. 
In other cases, i.e. the rosette panic grasses, in which 
the difference was temporary and not overwhelming while it 
lasted, the combined data showed no overall significance. The 
monthly data,then, is useful for recognizing short term dif-
ferences, while the combined data may show more lasting, but 
less dramatic trends. 
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Another way of evaluating the dynamic relationships be-
tween these species and their environment is shown in Table 6. 
Species are listed that showed a significant difference between 
the burn and control variation occurring in June, and the burn 
and control variation occurring in August. In other words, it 
indicates those species that had a significantly different 
variation in response in June than in August. With these 
species the situation definitely changed during the season, so 
time of sampling was especially important. 
In general those species that emerge and bloom early in 
the growing season were stimulated or at least not harmed by 
the fire, as long as they had not emerged before the fire. By 
the reduction of litter, and early warming of the soil, the 
period of vegetative growth was effectively increased in these 
species before their energy was directed towards flower and 
seed production. Other species such as Fragaria virginiana, 
Oxalis violacea, and Viola pedatifida, had slightly higher 
June yields, although nonsignificant statistically, in the 
burn. The only species in this category that appeared to be 
harmed by the fire was Poa pratensis which, as previously dis-
cussed, had begun growth before the fire. 
Those species that bloom during late summer and fall 
showed a broad range of response from seeming to be totally 
unaffected, such as Elymus canadensis, to a very positive 
stimulation such as Panicum virga tum. None showed a serious 
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Table 6. Species showing a significant yield difference 
between the burn and control variation in June and 
the burn and control variation in August, yield 
measured in decigrams of dry weight per 1000 cm2 
Mean Yie1dLPlot Sum of 
Species Time Burn Control Square sa F Test 
Aster June 0.02 1.84 
laevis August 0.0 0.0 37.36 4.70* 
Panicum June 0.96 0.80 
virga tum August 19.78 5.76 2163.19 4.15* 
Scutellaria June 0.13 0.04 
leonardii August 0.02 0.33 1.80 6.61* 
Solidago June 6.36 0.44 
rigida August 0.31 4.56 1160.27 4.26* 
Sporobolus June 41.09 23.96 
hetero1epis August 80.56 117.51 32913.06 4.75* 
aWith one degree of freedom, sum of squares equals the 
mean square. 
decline in yield that could be attributed to burning. Similar 
results on Iowa prairie species have been reported by 
Ehrenreich (1959). 
Comparison by Cover Estimates 
Cover estimates made in June, July and August indicate 
the changing dominance relationships during the growing seaSon. 
Values for thirty species are shown in Table 7. Table 8 lists 
18 species which demonstrated significant changes in relative 
cover as the season progressed. Like the corresponding yield 
4-0 
Table 7. Mean cover-class estimates in June, July and August 
for the burn and control areas 
Burn Yield Control Yield 
Species June July August June July August 
Amorpha' canescens 0.71 0·77 0.73 0.76 0.79 0.79 
Andropogon gerardi 1.13 1.15 1.19 1.21 1.23 1.26 
Aster ericoides 0.75 0.84- 0.90 0.79 0.80 0.90 
Aster 1aevis 0.74- 0.71 0.71 0.74- 0.71 0.71 
Aster simplex 0.72 0.80 0.73 0.72 0.79 0.80 
Carex sp. 0.98 0.88 0.75 1.04- 0.78 0.75 
Equisetum sp. 0.81 0.79 0.83 0.77 0.72 0.76 
Eryngium yuccifolium 0.77 0.72 0.72 0.73 0.72 0.73 
Fragaria virginiana 0.84 0.84 0.83 0.85 0.80 0.82 
Galium obtusum 0.93 0.83 0.85 0.95 0.81 0.87 
Helianthus 
grosseserratus 0.83 0.75 0.81 0.93 0.80 0.83 
Helianthus laetiflorus 0.76 0.81 0.81 0.77 0.80 0.75 
Liatris aspera 0.76 0.81 0.81 0.77 0.80 0.75 
Achillea lanulosa 0.72 0.75 0.75 0.74- 0.76 0.79 
Oxalis sp. 0.74- 0.71 0.71 0.74- 0.72 0.71 
Panicum sp. (rosette) 0.87 0.88 0.90 0.83 0.84 0.85 
Panicum virga tum 0.75 0.80 0.86 0.77 0.75 0.76 
Petalostemum purpureum 0.74- 0.73 0.74- 0.72 0.75 0.72 
Phlox pilosa 0.78 0.75 0.82 0.72 0.73 0.73 
Poa pratensis 1.24- 1.21 1.10 1.35 1.30 1.12 
Ratibida columnifera 0.75 0.78 0.81 0.75 0.74- 0.74 
Rosa sp. 0.81 0.83 0.77 0.75 0.78 0.79 
Scutellaria leonardii 0.78 0.72 0.71 0.75 0.72 0.71 
Silphium laciniatum 0.74- 0·72 0.78 0.73 0.72 0.80 
Solidago canadensis 1.52 1.30 1.37 1.39 1.27 1.39 
Solidago rigida 0.79 0.77 0.78 0.81 0.86 0.82 
Sporobolus heterolepis 1.18 1.09 1.37 1.10 1.23 1.4-0 
Viola pedatifida 0.76 0.74- 0.75 0.77 0.72 0.75 
Zizia aurea 0.90 0.84- 0.94- 0.78 0.79 0.76 
Elymus canadensis 0.71 0.71 0.88 0.71 0.71 0.83 
data, this demonstrates the necessity for frequent sampling 
throughout the growing season to be able to assess the in-
fluence of fire on individual species. 
Most species which indicated changing yields alSO showed 
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changing cover relations, but several additional ones showed 
changing cover relations only. This may be explained by the 
difference in the two techniques. Yield data can be described 
as absolute information, whereas cover is an estimation based 
on the relationship of species to all other species present 
regarding light and space. It is not dependent upon the amount 
of vegetation or yield, but rather how successfully that vege-
tation is competing for canopy space. It is possible, for 
example, for several individuals of a species to be so abun-
dant in a plot that yield is measurable, but be so shaded that 
the cover estimate is zero. 
In comparing the yield and cover data (Table 8 with Table 
2), several explanations may account for the differences in 
species listed. Those emerging after other plants have appeared 
may not be seen until they emerge through the canopy and old 
debris. Although they are present and perhaps comprise a 
sizable amount of foliage at the early observation, if they 
are entirely below the foliage of other plants, their cover 
estimate will be very small. In June, Silphium laciniatum and 
Achillea lanulosa are examples of this situation. 
Others begin growth earlier than most and are later 
covered over by the more slowly emerging species. Although 
their actual weight may not decline significantly or at all, 
their relative importance in the community does. Cover esti-
mates showed 10 of the 30 species significantly higher in June 
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than in July or August. Of these 10, only Aster laevis and 
Carex sp. actually peaked in yield during this time. The 
others only declined relative to the surrounding vegetation. 
One species, Poa pratensis, actually was significantly greater 
in yield at the end of August, although its cover estimate was 
much higher in June. 
In others the cover declined as the plants ceased to grow 
vegetativeiy and began to flower and bear fruit. As plants 
such as Amorpha canescens and Helianthus grosseserratus 
flowered, they were over-shadowed by grasses and other forbs 
which continued to elongate. Conversely, Solidago canadensis, 
Sporobolus heterolepis, Elymus canadensis and Aster ericoides 
showed increases in dominance as they flowered and set seeds. 
This may be due to the fact that they flowered later when most 
other plants had also ceased growing. Although 9 species 
showed·their peak y~eld in August, only 5 showed their peak 
cover at that time. Of those, only Aster ericoides, Elymus 
canadensis, and Sporobolus heterolepis actually had both cover 
and yield significantly higher in August than earlier in the 
season. 
Cover data as seen in Table 9 indicates that 10 of the 30 
species considered showed a significant overall response of 
some kind to the burning. Of these, half appeared to be in-
hibited by the fire. Amorpha Canescens and Andropogon gerardi 
showed. less overall cover, but this may be explained by the 
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Table 9. Species showing a significant overall response to 
burning as indicated by cover data compiled in June, 
July and August 
Species 
Amorpha 
canescens 
Andropogon 
gerardi 
Equisetum sp. 
Helianthus 
grosseserratus 
Panicum 
virgatum 
Phlox pilosa 
Poa pratensis 
Ratibida 
columnifera 
Solidago 
rigida 
Zizia aurea 
Mean Cover/Plot 
Burn Control 
0.74 
1.16 
0.81 
0.80 
0.80 
0.78 
1.19 
0.80 
0.78 
0.89 
1.24 
0.75 
0.85 
0.76 
0.73 
1.25 
0.74 
0.83 
0.78 
Sum of a 
Squares 
0.25 
0.88 
0.48 
0.45 
0.23 
0.39 
0.59 
0.17 
0.33 
1.78 
F Test 
9.29** 
5.46* 
16.85** 
7.63** 
6.04* 
16.66** 
6.73** 
5.27* 
5.07* 
31.73** 
a With one degree of freedom, sum of squares equals the 
mean square. 
vastly increased flowering response. Overall yield was also 
down in Amorpha canescens, but did not seem to be affected in 
Andropogon gerardi. The author observed that a wildfire in 
August, 1967, in an Andropogon gerardi grassland at the Ledges 
State Pa,rk near Boone,' Lowa, however, greatly increased both 
yield and flowering. 
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Solidago rigida also showed less cover in the burn, but 
this waS not correlated with either a decrease in yield or in 
flowering response. This species emerges early in the spring. 
Perhaps it was simply overshadowed by species which were 
strongly stimulated by the fire. 
Cover and flowering were both low in Helianthus 
grosseserratus and Poa pratensis. In the Poa the yield waS 
also reduced in the burn. Ehrenreich (1959) reported a 
similar response in Poa pratensis following March burns. 
The remaining species in this table showed greater cover 
in the burn than in the control plots. Equisetum sp., Phlox 
pilosa and Zizia aurea are spring species which were given 
increased time for growth by the decreased litter and early 
warmth of the soil. They showed significantly greater yields 
as well as cover. Ratibida columnifera and Panicum virgatum 
are later maturing species, both showing increased cover and 
flowering response with Panicum also showing a definite 
increase in yield. 
Another indication of the dynamic cover responses is seen 
in Table 10. Six species showed varying differences between 
burn and control variations in June, July and August. As in 
the corresponding yield data, these differences will be seen 
only if sampling is done throughout the season. 
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Flowering Response 
Counts of the number of flowering stalks in the plots 
clipped for yield revealed a dramatic increase in flowering 
response in the burn for several of the dominant grasses 
(Table 11). The number of plots containing inflorescences of 
Andropogon gerardi was doubled and the number of flowering 
stalks increased 4 1/2 times. In the rosette panic grasses 
the number of inflorescences almost doubled. For Panicum 
virga tum both the number of plots containing inflorescences 
and the total number of stalks more than doubled. The number 
of plots containing flowering stalks of Sporobolus heterolepis 
tripled, while the number of inflorescences increased 30 times. 
Flowering in ~ pratensis like other responses was inhibited. 
Elymus canadensis was the only grass that appeared unaffected 
by the fire. Table 12 lists Chi-square values for comparison 
in flowering response between control and burn plots, control 
and mow plots, and burn and mow plots. The results of this 
study, then, suggest that fire can be a significant stiumlus 
for flowering in certain native prairie grasses. Similar 
results have been reported in Iowa by Aikman (1955) and 
Ehrenreich (1959), in Kansas by Cornelius (1950), in Missouri 
by Kucera and Ehrenreich (1962) and in Wisconsin by Dix and 
Butler (1954). 
Helianthus grosseserratus, like ~ pratensis, showed a 
negative response, while Solidago canadensis showed a definite 
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Table 12. Chi-square values derived from comparisons of 
flowering response between control and burn plots, 
control and mow plots, and between burn and mow 
plots 
Species 
Andropogon 
gerardi 
Elymus 
canadensis 
Helianthus 
grosseserratus 
Panicum 
sp. (rosette) 
Panicum 
virgatum 
Poa 
pratensis 
Solidago 
canadensis 
Sporobolus 
heterolepis 
Chi-sguare Values 
Control-Burn Control-Mow 
60** 
0.18 
14.4** 
9.3** 
11.2** 
4.16*(June) 
36.8**(July) 
8.02** 
134.7** 
39** 
0.04 
11.6** 
4.02* 
30.18** 
1.38 
43 .. 6** 
positive response to the fire (see Figure 13). 
Burn-Mow 
2.8 
0.03 
0.22 
25.8** 
0.38 
15.6** 
56.2** 
The flowering responses in the burn can be compared with 
those in the mowed area (see Table 12). For Andropogon 
gerardi, Helianthus grosseserratus and Poa pratensis, burning 
gave the same effect as mowing. Curtis and Partsch (1950) 
concluded that litter removal was the most important factor in 
the inducement of flowering activity of Andropogon gerardi. 
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Figure 13. Flowering response of Aster ericoides and the 
more abundant Solidago canadensis in the 
burned area, September, 1968 
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For Panicum virgatum, Solidago canadensis and Sporobolus 
heterolepis this was not the case. In Panicum virgatum the 
mow acted as an inhibitor. In SOlidago canadensis the mowing 
had little effect, so the mowed area reacted very similarly to 
the control area. For Sporobolus heterolepis the mowing was a 
definite stimulus, but the response was not as intense as to 
the burning. Several combinations of responses are shown by 
these few species, thereby belying statements to the effect 
that prairie grasses or prairie forbs react in a particular or 
generalized way to burning or mowing. They simply do not, and 
much study remains to determine the factors and combinations 
thereof that cause each species to act in its own particular 
way even following one reasonably mild fire in April. 
The results of the selective sampling recorded in Tables 
13 and 14 bear this out. These are plants growing and repro-
ducing abundantly on the prairie, yet there is no predictable 
pattern to be seen in their responses to the burning and mow-
ing treatments. Eryngium yuccifolium showed no difference, 
Petalostemum purpureum reacted slightly negatively, and 
Ratibida columnifera reacted slightly favorably. Phleum 
pratense appeared to be inhibited by fire and greatly stimu-
lated by the mowing. Agrostis~, however, appeared to be 
inhibited by both treatments. Although found on the prairie 
now, the latter two species are introduced, Phleum pratense 
from Eurasia and Agrostis alba from Europe. Perhaps this 
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Table 13. Flowering response in non dominant forbs based on 
50 random plots each in selected portions of the 
burn and control areas 
Number of Flowering Stalks 
Amorpha canescens 
Asclepias tuberosa 
Eryngium yuccifolium 
Heliopsis helianthoides 
Petalostemum sp. 
Ratibida columnifera 
Burn Control Chi-square 
1016 
404 
745 
158 
140 
312 
506 
411 
745 
131 
186 
258 
85.4** 
0.06 
0.0 
2.5 
6.5* 
5.1* 
Table 14. Flowering response in four grasses based on 20 
random plots each in selected portions of the burn, 
control and mow areas in July 
Number of Seed Heads Chi-sg,uare 
Burn- Mow- Burn-
Burn Control Mow Control Control Mow 
Agrostis alba 0 135 47 135** 52.5** 47** 
Elymus canadensis 15 16 2"2 0.03 0.95 2.4 
Panicum virgatum 38 14 24 11.1** 2.6 3.16 
Ph1eum pratense 8 24 83 8.0** 59.0** 61.8** 
partially explains their lack of tolerance for the conditions 
found in an Iowa prairie fire. 
Yield Response to Mowing 
An analysis of variance was made on the August yield data 
to compare the yields in the mowed plots with the burn and 
control plots. Because so few plots in the mowed area were 
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sampled, and the number of control and burn plots utilized 
must equal the number of mowed plots for this type of analysis, 
the results are disappointing. Table 15 lists only 3 species 
that did show significant differences based on these data. 
Zlzia aurea responded positively to burning, but seemed 
unaffected by mowing. Carex sp. appeared to be somewhat 
stimulated by the mowing and somewhat inhibited by the burning. 
Although the comparisons of the control with the burn and mow 
were not significantly different, the comparison between the 
mow and the burn was. Scutellaria leonardii was adversely 
affected by burning. This analysis showed it to be adversely 
affected by mowing also. 
Table 16 lists the mean yields for plots in the three 
treatment areas based on all available data. Panicum virgatum 
and Solidago canadensis both showed a significant difference 
between the yields in the burn and control plots. Because the 
means for the mowed and control plots are so similar in these 
species, it appears that mowing had no effect on yield, and 
that the difference between mowing and burning may be signifi-
cant. Although other studies have shown yield responses to 
mowing, more sampling is necessary before the effects of mow-
ing on Kalsow Prairie can be assessed adequately. Penfound 
(1964) reported that close mowing combined with the removal of 
mulch increased the yield in Andropogon gerardi and Panicum 
virgatum in Oklahoma. Weaver and Rowland (1952) reported a 
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Table 15. Species showing a significant difference in yield 
between the mowed and burn or control plots 
Species 
Scutellaria 
leonardii 
Carex sp. 
Zizia aurea 
Yield/Plot 
Mow Control 
0.0 0 • .3.3 
Yield/Plot 
Mow Burn 
1.2.3 
1.27 
0.20 
5.2.3 
a Sum of Square s 
1.67 
16.02 
2.36.02 
F Test 
4.17* 
4.05* 
5.81* 
aWith one degree of freedom, the sum of squares equals 
the mean square. 
Table 16. Mean yield in August for .30 species in the control, 
burned and mowed plots 
Species 
Amorpha canescens 
Andropogon gerardi 
Aster ericoides 
Aster laevis 
Aster simplex 
Carex sp. 
Equisetum sp. 
Eryngium yuccifolium 
Fragaria virginiana 
Galium obtusum 
Helianthus grosseserratus 
Helianthus laetiflorus 
Liatris aspera 
Achillea lanulosa 
Oxalis sp. 
Panlcum sp. (rosette) 
Panicum virga tum 
Petalostemum purpureum 
Burn 
0.07 
87.82 
18.07 
0.0 
3.22 
0.13 
2.11 
0.0 
0.60 
2 • .31 
26.69 
8.80 
8.91 
0.04 
1.76 
14.02 
19.78 
0.0 
Control 
1.16 
60.24 
7.58 
0.00 
2.69 
0.71 
0.36 
0.89 
0.96 
0.7.3 
26.07 
5.1.3 
1.42 
0.18 
0.44 
8.53 
5.76 
0.00 
Mow 
2.0 
67.8 
21.9 
0.0 
5.9 
1.2 
1.2 
0.03 
0.9 
1.1 
24.2 
4.7 
12.8 
3 • .3 
0.0 
11.1 
5.5 
0.0 
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Table 16. (Continued) 
Speoies Burn Control Mow 
Phlox pilosa 3.53 0.16 1.3 
Poa pratensis 25.24 33.91 27.9 
Ratibida oolumnifera 5.69 0.56 1·9 
Rosa SPa 1.89 1.29 3.2 
Soutellarialeonardii 0.02 0.33 0.0 
Silphium laoiniatum 5.33 9.38 9.9 
Solidago oanadensis 123.73 83.82 84.4 
Solidago rigida 0.31 4.56 7·3 
Sporobolus heterolepis 80.56 117.51 86.5 
Viola pedatifida 0.29 2.02 0.03 
Zizia aurea 6.76 1.20 1.2 
Elymus oanadensis 3.75 6.44 9·0 
50% inorease in yield in native grassland when most of the 
muloh was removed. 
Correlation of Cover and Yield Data 
Table 17 lists the oorrelation ooeffioients obtained from 
a oorrelation matrix of the oover and yield data for eaoh 
speoies. All coeffioients are positive, meaning that as the 
yield increased, so did the oover estimation. The average 
coefficient for all speoies observed is 0.62521• Table 18 
lists the oorrelation ooefficients for the dominant prairie 
species, dominant prairie grasses and dominant speoies in the 
1 . To combine these correlation coefficlents it was neces-
sary to transform them to Z values, average the Z values and 
then transform them baok to oorrelation coefficients. Table 
VII in Fisher and Yates (1953) was used to make the 
transformations. 
56 
Table 17. Correlation coefficients obtained from a correla-
tion matrix between cover estimation and yield data 
Species Correlation Coefficient 
Amorpha canescens 
Andropogon gerardi 
Aster ericoides 
Aster laevis 
Aster simplex 
Carex sp. 
Equisetum sp. 
Eryngium yuccifolium 
Fragaria virginiana 
Galium obtusum 
Helianthus grosseserratus 
Helianthus laetiflorus 
Liatris aspera 
Achillea lanulosa 
Oxalis sp. 
Panicum sp. (rosette) 
Panicum virga tum 
Petalostemum purpureum 
Phlox pilosa 
Foa pratensis 
Ratibida columnifera 
Rosa sp. 
Scutellaria leonardii 
Silphium laciniatum 
Solidago canadensis 
Solidago rigida 
·Sporobolus heterolepis 
Viola pedatifida 
Zizia aurea 
Elymus canadensis 
Average value 
0.7138 
0.6016 
0.7022 
0.7483 
0.2454 
0.6831 
0.5023 
0.9189 
0.6887 
0.6573 
0.3900 
0.4711 
0.7232 
0.5644 
0.0199 
0.7436 
0.4777 
0.5667 
0.6271 
0.6262 
0.6430 
0.6736 
0.4465 
0.7018 
0.7383 
0.6228 
0.7431 
0.2769 
0.6317 
0.7612 
0.6252 
grazed area. All of these are fairly high. This indicates a 
certain amount of overlap in application of sampling techniques. 
Cover estimation is a quick and simple way of analyzing the 
relative importance of species in an area. Dry-weight 
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Table 18. Correlation coefficients obtained from a correla-
tion matrix between cover estimation and yield data 
grouped by dominance categories 
Dominant Prairie SpeCies 
Andropogon gerardi 
Aster ericoides 
Elymus canadensis 
Helianthus grosseserratus 
Helianthus laetiflorus 
Liatris aspera 
Panicum sp. (rosette) 
Panicum virgatum 
Solidago canadensis 
Solidago rigida 
Sporobolus heterolepis 
Zizia aurea 
Average value 
Dominant Prairie Grasses 
Andropogon gerardi 
Elymus canadensis 
Panicum sp. (rosette) 
Panicum virga tum 
Poa pratensis 
Sporobolus heterolepis 
Average value 
Dominant Species 19 Grazed Area 
Andropogon gerardi 
Poa pratensis 
Solidago canadensis 
Average value 
Correlation Coefficient 
0.6016 
0.7022 
0.7612 
0.3900 
0.4711 
0.7232 
0.7436 
0.4777 
0.7383 
0.6228 
0.7431 
0.6317 
0.62.52 
0.6016 
0.7612 
0.7436 
0.4777 
0.6262 
0.7431 
0.6701 
0.6016 
0.6262 
0.7383 
0.6.599 
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determination is much more tedious and time consuming, but 
also more exact. The results of this study suggest that if 
the purpose of a grassland survey is to determine the relative 
importance of the various species, cover estimation is an ade-
quate technique. If exact amounts are needed for production 
determinations, then, of course, weights must be used. In 
19.57 Kelting reported a good correlation between cover and 
oven-dry weights for individual species in his work in Oklahoma 
grasslands. 
Temperature Patterns of the Burn 
Table 19 contains the temperature data obtained during the 
burn. It is obvious that in many cases, especially in 
sections 2 and 4, the thermopapers did not provide a range 
wide enough to record the upper temperatures attained. In 
these situations it is known that a certain temperature was 
reached, at least, but there 1s no indication, other than a 
visual estimate based on the flames, of how high the actual 
limits were. Also, no determinations were made 01" the duration 
of any of the temperature values. Certainly this would be 
necessary in a comprehensive study of the character of a 
grassland fire. Pitot and Masson (19.51), Iizumi and Iwanami 
(196.5), Iwanami and Iizumi (1966) and Heyward (1938) have 
measured the combination of maximum temperatures and duration. 
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The interesting results were those seen at the ground 
level. The stakes were pushed in so that the ground level in-
dicators were partially below the level of the mineral soil. 
In no case did the portion below the soil change color, even 
o 
on the 100 F paper. The same situation has been seen in other 
local grassland burns where recordings have been made. Figure 
14 shows the typical gradation in the level of color change 
that was observed in the thermopapers at ground level detached, 
and Figure 15 still attached to the stake. 
Figure 16 shows the height of vegetation left standing 
around each stake after the fire. The average height in the 
grazed area was 11 cm, l7cm in the prairie. Although the 
temperatures were very high, especially at the 10 and 40 om 
levels, not all of the old vegetation was destroyed (see 
Figure. 15). Enough ground cover remained to restrict wind and 
water erosion. Daubenmire (1968) states "the absenoe of ref-
erence to eVident erosion on burned areas that have been 
studied in the midcontinental grasslands of North America 
show that there is no significant habitat deterioration of 
this type there." Studies by Ehrenreich and Aikman (1963) 
showed that burned grassland in Iowa was drier in the upper 
10 em, but that the lack of moisture did not become critical. 
The lack of extreme temperatures at the level of the 
mineral soil combined with the retention of some standing 
vegetation prevented this fire from permanently altering the 
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Figure 14. 
Figure 15. 
Temperature indicators at grgund level 
showing changes from the 100 paper on the 
left through 1100 , 1200 , 1300 , 200 0 , 300 0 
and 4000 paper on the right, soil level 
indicated 
Ground litter remaining at the base of a 
temperature stick after the fire had passed 
62 
"1 
. 
63 
25 
24-
23 
22 
21 
20 
19 
18 
17 
16 
15 
14-
13 
12 
11 
10 
9 
8 
7 
6 
5 
4-
3 
2 
Height 1 
in cm 0 
Stake 
Section 
GRAZED PRAIRIE 
Figure 16. Height of standing vegetation after fire 
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environment at the soil surface. The seeds, buds and roots 
just under or even at the surface seemed undamaged by the 
heat. According to grassland fire literature reviewed by 
Daubenmire (1968), the data show the highest temperatures so 
far above the mineral soil that material on or just under the 
surface is not damaged. In this case the blackened soil 
warmed rapidly, and within a few days the spring plants were 
beginning to emerge, restoring the original vegetative cover. 
This provided the early species in the burned area with a 
,po 
headstart over the control area that was in some Cases main-
tained throughout the summer. 
Before the fire, plots were clipped for determination of 
the amount of fuel/lOOO cm2 • It was necessary to do ash free 
determinations due to the heavy layer of soil that had accumu-
lated during the winter blown from the nearby plowed fieldS. 
The results of these determinations are shown in Table 20, 
indicating that there was a great variety in standing crop 
among the various vegetative zones. These plots represent the 
range of values that waS present at the time of the burn 
rather than an estimate of total amounts of fuel. 
It is interesting to note that averages for the prairie 
and for the grazed area were essentially the same. In com-
paring the temperature data for the grazed area and prairie, 
it is seen that the highest temperatures at the ground level 
were recorded in the grazed area. On two stakes it reached at 
6.5 
Table 20. Average grams of ash-free material/lOOO cm2 in 
various vegetation zones before and after burning 
Dominant Vegetation before Burning 
Prairie 
Spartina pectinata 
Calamagrostis canadensis 
Sporobolus heterolepis 
pothole 
mixed prairie 
Average 
Grazed 
Poa pratensis, Solidago canadensis, 
Andropogon gerardi 
After Burning 
/ Prairie 
Average 
Grazed 
Average 
Grams/lOOO cm2 
47 
100 
46 
2.5 
.59 
.5.5 
.53 
3.5 
10 
least 400oF. The highest temperature recorded on the prairie 
at this level was l30oF. Since none of the 2000 F papers 
turned, the highest temperatures at this level had to have 
been below 200oF. It appears, then, that the structure of the 
prairie community may somehow protect the ground level from 
excessive heat due to fire. This may be due to a greater 
build-up of mulch, which in this case was very wet, or to 
individual plant structure or to the interactions of any 
66 
number of other factors. Daubenmire (1968) states that "from 
the surface downward, the temperature gradient is so steep 
that direct alteration of soil chemistry by fire is inconse-
quential in grasslands." Other than in African savannas, soil 
o 
surface temperatures have seldom risen above 100 C, a figure 
much lower than is recorded in forest fires (Daubenmire, 1968). 
However, a recent study on headfires in the southern mixed 
prairie of Texas reported maximum soil surface temperatures 
varying from l820 F to l260 0 F (Stinson and Wright, 1969). 
To evaluate the effects of a fire one must determine what 
parameters are important in measuring response. In this study 
only cover, yield and flowering were considered in evaluating 
vigor. Table 21 summarizes those responses which were signif-
icant for species included in this study. Briefly the table 
shows that while 19 species showed differences in cover, half 
showed an increase and half a decrease in the burn. Of the 
six species ,that showed a June yield response to burning, 
three increased significantly and three decreased significantly. 
Although the other responses are not as balanced relative to 
the positive and negative responses to burning, the futility 
of attempting broad generalizations on this basis is obvious. 
Quantitative evaluations were made on the responses of 
only 30 species, those that were most abundant and most easily 
identified, of the more than 230 potentially available. Al-
though sampling occurred three times during the growing season, 
it is obvious that some responses were not adequately measured. 
67 
Table 21. Summary of statistically significant responses of 
30 species following burning. + indicates a 
positive, - a negative, x a changing response 
(1) (1) (1) 00 (1) l>-P l>-P ~ 00 
.,..;00 ~ "";00 ~ 0 ~ ~ -P~ f-I If-I -P~ f-I A "f-I 100 0 ajbO ~ (1)(1) ~~ ~ 00 ::l (1)..-1 A ..-I~ f-I,o Sl> 00,0 (1) 00,0 S (1) 00 (1)<I:l (1) .,..;000 (1)<I:l ..-I f-I .,..; .,..; 00 (1) f-I I l>0 -PO~ f-I I (1)0 ..-10 -P :>.:.~ f-I (1) O-P 0 (1) .,..; -P 00 Q)-P 0 .~ S 0 ~-P""; ~§ I>.. ..-I .,..; ~ -P.rI bO (1) orI~-P (1) (1) 1>..(1) .,..; ~-P .s~ IJ ..-100 (1)0 IJ ..-100 orI~ 00 (1)0 (1) ..-I~ Q)Saj (1) ..-I~ I>..f-I -P~ (1) S aj f-I f-I bOf-I ajO bO-P f-I bOoO mo ~ 000 bO-Pf-I (1) ~ ~(1) f-IA ~aj(1) ~..-I f-IA (1),0 ::lA ~ m (1) ::;:,0 
Species ajl> (1)00 m(1)-P aj(1) Q)0l So bOOl aj (1)-P 0 .t::o 6~ .t:!f-I~ .t::.,..; l>Q) ::lQ) .t:: f-I ~ ..-10 00 O-Porl 0:>':' Of-l IJ-p <!If-l o -Pori ~-P 
Amorpha 
canescens x + 
Andropogon 
gerardi + + 
Aster 
ericoides x + 
Aster laevis x x 
Aster simplex x x 
Carex sp. x x 
Equisetum sp. + + + 
Eryngium 
yuccifolium x x 
Fragaria 
virginiana 
Galium obtusum x 
Helianthus 
grosseserratus x + 
He 1 ianthus 
laetiflorus x 
Liatris aspera + 
Achillea lanulosa x 
Oxalis sp. x 
Panicum sp. 
(rosette) + + + 
Panicum 
virgatum + x + + + x + 
Petalostemum 
purpureum 
Phlox pilosa + + + 
Poa pratensis x + 
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Table 21. (Continued) 
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Ratibida 
columnifera + + 
Rosa Spa 
Scutellaria 
leonardii x x 
Silphium 
laciniatum x 
Solidago 
canadensis x + + + + + 
Solidago 
rigida x 
Sporobolus 
heterolepis x x + + x + 
Viola 
pedatifida x 
Zizla aurea x + x + + 
Elymus 
canadensis x + 
Flowering responses in those species that bloom in early 
spring or in the fall were especially noticeable. For example, 
Zizia aurea, which flowers in May, bloomed earlier and much 
more profusely in the burn than in the control plots. Aster 
ericoides, which flowers in September and October, also 
bloomed more profusely in the burned area. Fragaria virginiana, 
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however, bloomed and fruited most abundantly in the mow plots. 
The observations are restricted to responses following a 
mild, April fire that burned when mulch and litter were very 
wet. other temperature, mOisture, wind or fuel conditions 
might have produced strikingly different results, as evidenced 
by the various conflicting reports on the responses of prairie 
species to burning. Also, observations were made for one 
season only. It is impossible to predict from these data how 
this fire will affect the various species in coming seasons. 
In spite of these limitations the data seem to indicate 
that fire can be of definite use in stimulating cover, yield 
and flowering in certain prairie species. However, the re-
sponses of each species must be evaluated separately, and the 
advantages of positive responses weighed against the negative,· 
because the impact on a species might increase one response 
while reducing another. For example, in Andropogon gerardi a 
reduction in cover value was accompanied by an increase in 
flowering. Whether this justifies the use or non use of fire 
for management of the species depends upon the long range 
effects of the fire on the species. This must be predictable 
for the majority of species before permanent management prac-
tices can be outlined for the prairie. 
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SUMMARY 
The following responses were observed for individual 
species during the first season following a mild, April fire 
on Kalsow Prairie. 
1. Cover values were significantly higher in the control 
plots for Amorpha canescens, Andropogon gerardi, 
Helianthus grosseserratus, Poa pratensis and SOlidago 
rigida. 
2. Cover values were significantly higher in the burn plots 
for Eguisetum sp., Panicum virgatum, Phlox pilosa, 
Ratibida columnifera and Zizia aurea. 
3. Aster simplex showed a peak cover earlier in the burn 
than in the control plots. 
4. The peak cover for Zizia aurea occurred in the burn plots 
in August and in the control plots in June and July. 
5. Carex sp. grew for a longer time in the burn plots. 
6. Eryngium yuccifolium and Sporobolus heterolepis had 
significa~tly higher cover values in the burn plots early 
in the season, but by July no difference was discernable. 
7. Cover values for Panicum virgatum increased throughout 
the season in the burn plots, but remained at their June 
values in the control plots. 
8. June yields were significantly higher in the burn plots 
for the rosette panic grasses, Solidago canadensis and 
Sporobolus heterolepis. 
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9. June yields were significantly higher in the control 
plots for Amorpha canescens, Helianthus grosseserratus, 
and ~ pratensis. 
10. August yields were significantly higher in the burn plots 
for Eguisetum sp., Panicum virgatum, Phlox pilosa, 
SOlidago canadensis and Zizia aurea. 
11. Scutellaria leonardii was the only species with a signifi-
cantly higher August yield in the control plots. 
12. Overall yield values for Equisetum sp., Liatris aspera, 
Panicum virgatum, Phlox pi1osa, Solidago canadensis and 
Zizia aurea were significantly higher in the burn plots. 
13. OVerall yield values for Amorpha canescens, Aster laevis 
and Poa pratensis were significantly higher in the control 
plots. 
14. Flowering in Elymus canadensis was unaffected by burning 
or mowing. 
15. Burning and mowing stimulated flowering in Andropogon 
gerardi and Sporobolus heterolepis. 
16. Flowering in Solidago canadensis was stimulated by burning 
and unaffected by mowing. 
17. Flowering in Panicum virgatum was stimulated by burning 
and inhibited by mowing. 
18. Burning stimulated flowering in the rosette panic grasses, 
Amorpha canescens, and Ratibida columnifera. 
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19. Burning and mowing inhibited flowering in Poa pratensis 
and Helianthus grosseserratus. 
20. Burning inhibited flowering in Petalostemum purpureum. 
Although the sampling procedure for cover and yield was 
adequate for most of the 30 species considered, sampling more 
often would be necessary to include all species. Likewise, 
sampling for flowering response should be done about every two 
weeks from April through October to include all species. 
o Soil surface temperatures above 130 F were not encountered 
during the burn in the ungrazed prairie, whereas values at 
10 cm were consistently above 5600 F, the highest indicator 
temperature available. No attempt was made to determine the 
duration of temperature levels. 
The average correlation coefficient between cover estima-
tion and yield of species measured as oven-dry weight was 
0.6252. For general survey stUdies of prairie vegetation the 
more easily executed cover estimation technique is preferred. 
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